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Introduction
The deprotonative metalation (deprotonation) of an aromatic ring (i.e., the replacement of a hydrogen atom with a metal one) has been known since 1908 when Schorigin reported that a C-H bond of benzene could be cleaved by a mixture of sodium metal and diethylmercury, to yield phenylsodium. 1,2 Monometallic compounds, particularly organolithium reagents have historically been employed in deprotonation reactions. 3, 4 In recent years, bimetallic variants (one metal being an alkali metal, the other magnesium, zinc, aluminum etc.) have come to the fore as a new class of compounds capable of smoothly performing deprotonation reactions. [5] [6] [7] [8] [9] [10] [11] [12] These reagents often offer enhanced functional group tolerance, greater stability in common laboratory solvents, and also reactions can be performed at ambient temperature (rather than at −78°C). The bimetallic compounds are often referred to as 'ate' complexes, a term coined by Wittig in 1951 when he studied bimetallic compounds such as the lithium magnesiate LiMgPh3, lithium zincate LiZnPh3 and 'higher-order' lithium zincate Li3Zn2Ph7. 13 There was a window of almost five decades before chemists significantly exploited 'ate' chemistry. Since 2000, the number of structural and synthetic studies using bimetallic reagents has increased dramatically and due to their wide scope they continue to be a hot topic in modern chemistry. Several reviews have been published in this area. [6] [7] [8] [9] [10] [11] [12] In this chapter, an overview of the recent structural chemistry (from [2007] [2008] [2009] [2010] [2011] [2012] [2013] [2014] [2015] is presented focusing specifically at the metal pairs utilized.
Lithium magnesiate complexes
In this section, the surprisingly diverse structural chemistry of recently published lithium magnesiate complexes, containing carbon-and/or nitrogen-based anions will be surveyed. Since 2007, several different structural motifs have been reported. In this section, these will be summarized according to the ligand sets within the lithium magnesiate framework.
Alkyl/Aryl lithium magnesiate complexes
Lithium magnesiates comprised completely of carbanionic ligands were amongst the first ate complexes reported. They are generally prepared by combining the two monometallic organometallic species in a hydrocarbon medium that also contains a Lewis base donor. Since 2007, contacted ion pair 'lower order' lithium (tris)alkyl magnesiates (and dimers of this motif) and 'higher order' dilithium (tetra)alkyl magnesiates, and solvent separated examples have been reported. Examples of each of these structural types will be discussed here.
The monomeric tris(carbanion) motif is the simplest structural form of a lithium allcarbanionic magnesiate. To isolate this particular form, the use of a multidentate When the denticity of the donor is lowered it is possible to completely change the structure of the isolated lithium magnesiate. For instance by using THF, a polymeric chain variant [(THF)LiMg(CH2SiMe3)3]∞ 2 is isolated ( Figure 2 ). 14 The monomeric unit of 2 consists of a closed Li-C-Mg-C ring, and polymer propagation occurs via an intermolecular interaction between the CH2SiMe3 group not present in this ring and a Li atom. Another interesting and unusual feature of 2 is that the molecule of THF that is present binds to the magnesium center. Figure 6c ). 16 Complex 7 was prepared by treating 1,4-dilithiobutane with THF-solvated magnesium dichloride; whereas 8 was produced by combining 1,4-dilithiobutane with dioxane-solvated diphenylmagnesium. The remaining two higher order magnesiates, have a subtly different structure and can be described as 'magnesiacyclopentadienes'. 17 
Amido lithium magnesiate complexes
In keeping with the chemistry discussed thus far, tris(amido) lithium magnesiate complexes can be grouped into lower order (contacted or solvent separated ion pairs) and higher order species. Since 2007, it appears that only one tris(amido) lower order lithium magnesiate has been synthesized namely the dimeric unsolvated lithium magnesium guanidinate Li2Mg2(hpp)6 11 ( Figure 8 ) (where hpp is 1,3,4,6,7,8-hexahydro-2H-pyrimdo[1,2-a]pyrimidide). 18 The guanidinates anions adopt two different coordination modes -one bridging between two metal centers; the other between four metal centers. shown for clarity
<FIGURE 8 HERE>

Heteroleptic lithium magnesiate complexes
So far, only all carbanion or all amido lithium magnesiates have been discussed. In this section of the review, heteroleptic lithium magnesiates will be described. The section will begin by focusing on mixed carbanion/amido lithium magnesiates. Then magnesiates, which contain carbanions (or amido ligands) with other ligands, will be discussed. The structural chemistry for this set of molecules is diverse. The simplest example is the unsolvated lower order monomeric complex LiMg(HMDS) t Bu 16
( Figure 11 ). 22 The HMDS ligands bridge between the two metals in the structure whilst the t Bu is terminally bound to the magnesium atom. Further stabilization of the lithium atom is achieved by two agostic-type interactions from a pair of CH3-groups present on the HMDS ligands. The polymeric sodium magnesiate [NaMg(CH2SiMe3)3]∞ 27 is an example of a homoleptic tri-basic alkyl deprotonating agent. 32 Related species have been used in deprotonation reactions, for instance, its n Bu analogue [NaMg( n Bu)3] 33 has been used as an effective deprotonating reagent of a certain sterically demanding ketone (2,4,6-trimethylacetophenone) for preparing mixed metal enolate complexes, 34 and more recently to deprotonate benzophenone imine to give sodium magnesium ate complexes containing ketimino anions. 35 The homoleptic sodium magnesiate 27 ( Figure Complex 27 is also an ideal bimetallic precursor for novel solvent-free sodium magnesiate complexes which contain both alkyl and alkoxide ligands. When 27 is exposed to atmospheric oxygen in a controlled manner, the alkoxide containing complex [Na2Mg2(OCH2SiMe3)2(CH2SiMe3)4]n 31 is obtained (Figure 22a ). 38 It features a dimeric rearrangement comprising two 'NaMgR2(OR)' units giving rise to a face-fused double heterocubane structure with two missing corners. Alternatively, the complex can be described as a sodium magnesium inverse crown motif (see . 54 Prior to this result, using conventional alkyllithium or alkali metal bimetallic bases naphthalene, had only been regioselective metalated at the 2-position 55 or di-metalated at the 2,6-positions. 56 The polymetallic twelve-membered 
Summary
This chapter has demonstrated the recent progress made in understanding the solidstate structure of alkali metal magnesiates -key research as structure is inextricable linked to reactivity. The advantages that ate complexes have over conventional lithium reagents (use of milder reaction conditions, better functional group tolerance, and access to hitherto inaccessible synthetic chemistry etc.) ensure that this area of research will blossom further in the coming years. This chapter focused only magnesiate systems. In addition, alkali metal zincate, aluminate, manganate and cuprate systems are also the subjects of continual study and development, and it is highly likely that alkali metal ate chemistry will have an important future role in synthesis, and complement the massively important and longstanding role that single metal organometallic species such as organolithiums play in academia and industry.
